Although obesity is the most important risk factor for type 2 diabetes (T2DM), epidemiologic studies have identified a number of foods that can also modulate risk independent of energy balance. For example, diets low in whole grains or fiber and high in glycemic load and processed meats have been shown to increase risk ([@B1],[@B2]). As a complementary approach to evaluating the effects of individual foods or nutrients, evaluation of dietary patterns in relation to T2DM risk has become increasingly popular. The overall dietary pattern may affect T2DM risk more than individual components because of interactions between nutrients, and physical properties of foods ([@B3]). Dietary patterns also reflect the manner in which foods are consumed, which may better facilitate dietary change and translation of findings into dietary recommendations. Factor analysis has emerged as a useful tool for characterizing dietary patterns in nutritional epidemiology. Previous studies have shown consistent positive associations between the Western dietary pattern and weight gain ([@B4]) and risk of T2DM ([@B3],[@B5]).

To date, T2DM research has generally focused on identification of risk factors that operate during adulthood. However, accumulating evidence suggests that exposures operating during early life, such as maternal diet during pregnancy, and childhood and adolescent diet may affect the risk of developing chronic diseases including T2DM ([@B6]). Such a life-course approach could enhance our understanding of T2DM etiology and complement current prevention strategies. Data on adolescent diet in relation to future risk of T2DM are sparse, and, to our knowledge, no study has investigated whether particular dietary patterns at early stages in the life course can affect risk of T2DM in adulthood. Therefore, we evaluated the relation between major dietary patterns during high school and incident T2DM ∼2 decades later in a large cohort of U.S. women. We further examined the joint effect of high school and adult dietary patterns on risk of developing T2DM.

RESEARCH DESIGN AND METHODS {#s5}
===========================

Study population {#s6}
----------------

The Nurses' Health Study II (NHS II) is a prospective cohort of 116,671 female registered nurses aged 24--44 years at baseline in 1989. This cohort is followed using biennial mailed questionnaires on lifestyle, diet, and medical history. The study has maintained a response rate of ≥90% for every 2-year period ([@B7]). In 1997, participants were asked if they would be willing to complete a questionnaire about diet during high school (HS-FFQ \[High School Food Frequency Questionnaire\]), at which time they were 34--53 years of age. Approximately 61% of the cohort indicated willingness (*n* = 64,380). Comparison of these women with the entire cohort suggests that they do not differ with regard to baseline dietary intake or T2DM risk factors. This analysis is restricted to the 47,355 women who returned the HS-FFQ in 1998 (73% of those sent the questionnaire). We excluded participants if they reported implausible daily caloric intakes of \<500 or ≥3,500 kcal/day for current intake levels (*n* = 2,920) and \<500 or ≥5,000 kcal/day for high school intake levels (*n* = 1,181), or left ≥10 items blank (*n* = 225). In addition, we excluded participants if they had a confirmed diagnosis of diabetes (*n* = 502 T2DM, *n* = 42 type 1 diabetes) or death (*n* = 1) before return of the HS-FFQ in 1998, were missing the date of diagnosis of diabetes (*n* = 616), or had a history of diabetes (*n* = 137), gestational diabetes (*n* = 1,875), cancer except nonmelanoma skin cancer, or cardiovascular disease (*n* = 2,818) reported in 1999. After exclusions, a total of 37,038 participants remained for the analysis.

Assessment of high school and adult dietary patterns {#s7}
----------------------------------------------------

High school dietary intake was assessed using the HS-FFQ, a 124-item FFQ that asked participants about their diet during high school. Subjects were asked how often they consumed a specified amount of each item using nine responses ranging from "never or less than once per month" to "six or more per day." Categories on the HS-FFQ included main dishes, bread and cereals, fruits, vegetables, snack foods, and dairy. The HS-FFQ was designed to include foods that were consumed when these women were in high school. Nutrient intakes on the HS-FFQ were computed by multiplying the frequency of consumption of each unit of food by the nutrient content of the specified portions and then summing the contributions. Nutrient values were obtained from the U.S. Department of Agriculture and food manufacturers. Recall of adolescent diet among NHS II participants and a similar cohort was reproducible ([@B8],[@B9]), and the HS-FFQ has shown reasonable validity ([@B9],[@B10]).

Adult dietary patterns were assessed by ∼131-item FFQs administered in 1991, 1995, 1999, and 2003. These FFQs assessed usual dietary intake during the past year, and food items and response categories were similar to the HS-FFQ. The validity of FFQs similar to those used in the NHS II was reasonable ([@B11]).

To identify dietary patterns, food items on the FFQs were first aggregated into 37 food groups for the HS-FFQ and 40 food groups for the NHS II FFQs, on the basis of similarities in nutrient profile and food preferences. Similar food groupings were used previously ([@B5]). Factor analysis with the orthogonal rotation procedure varimax was applied to the food groups to generate dietary patterns ([@B12]). Briefly, factor analysis aggregates correlated variables, and each obtained factor (dietary pattern) is a linear combination of all food groups that are weighted by their factor loadings and explains as much variation in the food groups as possible ([@B12]). Food groups with positive loadings contribute to the dietary pattern, whereas those with negative loadings are inversely associated. Food groups with absolute factor loadings ≥0.30 were considered as significantly contributing to the pattern ([@B12]). Similar to previous studies, our analysis retained two factors, labeled "prudent" and "Western" patterns, on the basis of eigenvalues (\>1), Scree tests (a graphical representation of eigenvalues \>1), and interpretability of the factors ([@B5]). Scree tests allowed us to identify two major patterns with the largest eigenvalues (\>2.75). Dietary pattern scores were calculated by summing the standardized intake of food groups, weighted by the factor loading of the food groups ([@B12]). These scores were used to rank participants according to the degree to which they conformed to a given dietary pattern. The reproducibility and validity of dietary patterns derived by this method were reasonable ([@B13]). Because of potential overreporting or underreporting on the FFQs, dietary patterns were adjusted for total energy intake using the residual method ([@B14]).

Outcome assessment {#s8}
------------------

Women reporting a new diagnosis of diabetes on any of the biennial questionnaires were sent supplementary questionnaires to confirm the self-report. We used the American Diabetes Association criteria for diagnosis (fasting glucose levels ≥7 mmol \[126 mg/dL\]). In substudies of the NHS, 98% of self-reported diabetes cases documented by the same supplementary questionnaire were confirmed by medical record review ([@B15]).

Statistical analysis {#s9}
--------------------

Dietary pattern scores were divided into quintiles, and Cox proportional hazards regression was used to estimate incidence rate ratios comparing each quintile to the lowest. Person-time of follow-up was calculated for each participant from 1997 until June 2005, or date of T2DM diagnosis, or death. Test for trends across quintiles was conducted by modeling the median value for each category as a continuous variable. In the analysis of high school dietary patterns, multivariate models were adjusted for BMI at age 18 years (\<18.5, 18.5 to \<25, 25 to \<30, or ≥30 kg/m^2^), total energy intake in high school (quintiles, kcal/day), smoking between ages 15 and 19 years (none or 1--4, 5--14, or 15+ cigarettes/day), and high school physical activity (quintiles, metabolic equivalents \[Mets\]/week). We also adjusted for adult risk factors, including current smoking status (never, past, current: 1--14 cigarettes/day, ≥15 cigarettes/day), current physical activity (quintiles, Mets/week), history of T2DM in parents or siblings (yes, no), oral contraceptive use (never, past, current), postmenopausal hormone use (never, ever), total energy (quintiles, kcal/day), and alcohol (0, 0.1--4.9, 5--9.9, ≥10 g/day). Sensitivity tests were conducted by additionally adjusting for current prudent or Western dietary pattern and weight change since age 18 years, which are potential mediators. Effect modification of the association between high school dietary pattern and T2DM by BMI at age 18 years, and physical activity during high school, was also assessed. Interaction tests were performed by including a product term with the respective stratification variable and the median score of dietary pattern quintiles as a continuous variable and examining Wald *P* values. The interaction between high school and adult dietary patterns was evaluated by modeling a cross-product term using median values of tertiles.

To evaluate current dietary patterns in relation to T2DM risk, the cumulative average of patterns obtained from the 1991, 1995, 1999, and 2003 FFQ cycles were used, and multivariate models were adjusted for adult risk factors described above. Current BMI (\<23, 23--24.9, 25--26.9, 27--28.9, 29--30.9, 31--32.9, 33--34.9, 35--36.9, 37--38.9, 39--40.9, 41--42.9, 43--44.9, ≥45 kg/m^2^) and hypertension (yes, no) were additionally added to models. Cumulative averages were used to reduce random within-person variation and best reflect long-term dietary intake; however, a parallel analysis using baseline patterns was also evaluated. The correlation between high school and adult dietary pattern scores was evaluated by Spearman correlation coefficients.

To assess the joint effect of high school and adult Western dietary pattern on T2DM risk, dietary pattern scores were categorized into tertiles of low, medium, and high and cross-classified into a single variable, which was evaluated categorically using "low-low" as the reference in the multivariate model. All statistical tests were two-sided and performed using SAS version 9 for UNIX (SAS Institute, Cary, NC).

RESULTS {#s10}
=======

Two major dietary patterns were identified from the HS-FFQ ([Supplementary Table 1](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-0386/-/DC1)). The pattern labeled "prudent" was characterized by a high consumption of vegetables, fruit, legumes, fish, and better-quality grains and low consumption of snacks and soda. In contrast, the pattern labeled "Western" was characterized by a high consumption of desserts, snacks, processed meat, red meat, French fries, and refined grains and low consumption of vegetables, fruit, and fish. Similar factor loadings were observed for the two adult dietary patterns, also labeled "prudent" and "Western," with some variation in the 2003 patterns ([Supplementary Table 2](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-0386/-/DC1)). High school and current baseline characteristics of the study population according to quintile of high school dietary patterns are shown in [Table 1](#T1){ref-type="table"}. Women with higher prudent pattern scores during high school were more physically active, less likely to smoke, had healthier dietary habits during high school and in adulthood, and gained less weight since age 18 years than women with a lower score for this pattern. Women with higher Western pattern scores during high school were less physically active, more likely to smoke, and tended to have less favorable dietary habits during high school and in adulthood, gained more weight since age 18, and were more likely to have hypertension or a family history of diabetes. The correlation between high school and adult dietary pattern scores was 0.49 for the prudent pattern and 0.40 for the Western pattern.

###### 

Age-adjusted high school and baseline characteristics by quintile of energy-adjusted dietary patterns among NHS II participants during high school

![](12tbl1)

During 290,703 person-years of follow-up, we confirmed 550 cases of T2DM. As shown in [Table 2](#T2){ref-type="table"}, the prudent pattern during high school was not associated with risk of T2DM. However, higher Western pattern scores during high school were associated with increased risk of T2DM. After adjusting for age, BMI at age 18 years, total energy intake during high school, and physical activity and smoking during high school, participants in the highest quintile of Western pattern score had a 62% greater risk of T2DM than participants in the lowest quintile (relative risk \[RR\] 1.62; 95% CI 1.27--2.07; *P* trend \<0.0001). This association persisted after adjustment for adult risk factors (physical activity, family history of diabetes, smoking, postmenopausal hormone use, oral contraceptive use, total energy intake, and alcohol use) (1.39; 1.08--1.78; *P* trend: 0.006). Additional adjustment for adult Western pattern score weakened the association (1.29; 1.00--1.66; *P* trend: 0.04), and the association became nonsignificant after adjustment for weight change since age 18 years.

###### 

RR of T2DM among NHS II participants (1997--2005) according to quintile of energy-adjusted high school dietary pattern

![](12tbl2)

The association between high school Western dietary pattern and T2DM was modified by BMI at age 18 years (*P* for interaction: 0.04), with the association being stronger among individuals with BMI at age 18 years of \<25 kg/m^2^ than individuals who were overweight at age 18 years ([Supplementary Table 3](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-0386/-/DC1)). There were no other interactions observed.

In our analysis of adult dietary patterns, a higher score for the prudent pattern was associated with reduced risk of T2DM after adjusting for age (RR for highest vs. lowest quintile: 0.52; 95% CI 0.40--0.67; *P* trend: \<0.0001) ([Supplementary Table 4](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-0386/-/DC1)). This association dissipated after adjustment for potential confounders. In contrast, a higher adult Western pattern score was associated with a substantially higher risk for T2DM. The association persisted after adjustment for potential confounders (RR 2.14; 95% CI 1.58--2.88; *P* trend: \<0.0001), but disappeared after adjustment for BMI (1.24; 0.91--1.69; *P* trend: 0.23). Additional adjustment for hypertension did not change the associations (0.85, 0.64--1.12, and 1.20, 0.88--1.62, for prudent and Western patterns, respectively). Similarly, results were obtained from the analysis using baseline dietary patterns (data not shown).

As shown in [Fig. 1](#F1){ref-type="fig"}, individuals who had high Western dietary pattern scores in adulthood and during high school had the greatest risk of T2DM compared with individuals with low scores (RR 1.82; 95% CI 1.35--2.45). The strength of the association for the Western pattern during high school appeared to decrease with lower levels of adult Western pattern. Adjustment for current BMI attenuated this association (1.15; 0.85--1.56) (not shown).

![Joint analysis between adult and high school Western dietary pattern score in relation to T2DM risk. Tertiles (low, medium, high) of high school and adult Western dietary pattern score were cross-classified into a single categorical variable and evaluated for risk of T2DM using the low-low category as the reference. High levels of high school Western dietary pattern are depicted by black bars, medium levels by gray bars, and low levels by white bars. Data are adjusted for age, total calories, family history of diabetes, smoking status, physical activity, oral contraceptive use, hormone replacement therapy, and alcohol. The current pattern--high school patterns \[RR (95% CI)\] were as follows: low-low (ref), 1.00; medium-low, 0.95 (0.66--1.37); high-low, 1.55 (1.10--2.19); low-medium, 0.94 (0.61--1.44); medium-medium, 1.12 (0.78--1.62); high-medium, 1.45 (1.02--2.05); low-high, 0.94 (0.58--1.53); medium-high, 1.28 (0.88--1.85); and high-high, 1.82 (1.35--2.45). Categories were defined as tertiles. Current median Western pattern scores were as follows: low, −0.53; medium, −0.05; and high, 0.44. High school median Western pattern scores were as follows: low, −0.43; medium, 0.02; and high, 0.42.](12fig1){#F1}

CONCLUSIONS {#s11}
===========

In this large prospective cohort study of U.S. women, we identified two major dietary patterns during high school. Greater adherence to the prudent pattern, characterized by a high intake of healthy foods, was not associated with risk of T2DM, which is consistent with previous studies in our cohorts ([@B3],[@B5]). However, greater adherence to the Western pattern, characterized by a high intake of desserts, processed meat, and refined grains, was associated with a higher risk of T2DM independent of other high school and adult risk factors. To our knowledge, this is the first study that has examined adolescent dietary patterns in relation to risk of T2DM decades later.

The association between Western patterns and T2DM appeared to be partly mediated through weight gain. In this cohort, greater adherence to a Western dietary pattern was previously associated with weight gain, whereas a prudent pattern was shown to facilitate weight maintenance ([@B4]). Our findings---that adjustment for weight change since age 18 years and current BMI attenuated the associations between high school and current Western dietary patterns with T2DM---support a role for adiposity as a mediator. This result is supported by our finding that both high school dietary patterns predicted weight change since age 18 years (*P* \< 0.0001) (not shown). The interaction between high school Western dietary pattern and BMI at age 18 years suggests that this pattern may also affect future risk of T2DM in previously normal-weight (BMI \<25 kg/m^2^) girls, although the mechanism is not clear and should be interpreted cautiously. Dietary components in the pattern that may affect T2DM risk include higher saturated fat ([@B16]), glycemic load ([@B1]), heme iron ([@B17]), and advanced glycation end products ([@B18]) from a higher consumption of processed meat, refined grains, and desserts. It is most likely a combination of dietary factors that was responsible for the robust associations. Higher scores for the Western pattern have been correlated with higher fasting insulin, and C-peptide levels ([@B19]) and inflammatory markers ([@B20]).

In our study, women who had high Western pattern scores both in adolescence and in adulthood had the greatest risk of T2DM, suggesting that adhering to a Western dietary pattern during adolescence may affect risk of T2DM beyond that imparted by high Western pattern scores in adulthood, possibly by persistence of an unhealthy dietary pattern through the life course. Little is known about how diet during early life may affect risk of T2DM years later. Greater adult height, which may represent adequate childhood nutritional status, has been associated with decreased risk of T2DM, possibly by increasing childhood IGF-1 levels ([@B21],[@B22]), although this relation has not been fully established. It is possible that greater adherence to a Western pattern during adolescence increases risk of T2DM in adulthood via a cumulative effect on physiological processes underlying disease development. Findings from the Bogalusa Heart Study indicate that high blood pressure, hyperinsulinemia, and dyslipidemia begin to cluster during childhood and can predict adult cardiovascular risk factors ([@B23]). This clustering of risk factors has been linked to unhealthy dietary habits during childhood ([@B24]). It may also be possible that greater adherence to the Western dietary pattern is associated with an unhealthy lifestyle, which may track through life, affecting risk of T2DM. Despite adjusting for potential confounders, residual confounding cannot be ruled out. The validity of adult recall of adolescent diet 15--35 years earlier has not been established, since it is difficult to disentangle the effects of waning memory with age, influence of current diet on recall of past diet, and temporal changes in diet ([@B8],[@B9]). However, lack of an interaction with age at return of the HS-FFQ suggests that fading memory of high school diet with age may not be a significant factor in these data, although this effect is difficult to isolate (*P* for interaction: 0.89 for prudent pattern and 0.43 for Western pattern; [Supplementary Table 5](http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc11-0386/-/DC1)). The validity of the HS-FFQ was assessed by administering it to 80 young adults who had completed three 24-h diet recalls and two similar FFQs 10 years earlier while in high school ([@B10]). The average nutrient correlation between the HS-FFQ and 24-h recalls was 0.45 (range 0.16--0.68) and between the HS-FFQ and FFQs was 0.58 (0.40--0.88) ([@B10]). Validity of the HS-FFQ was also assessed by comparing the nurses' self-reports with those of their mothers ([@B9]). The mean nutrient correlation between the mothers' and nurses' self-reports was 0.40 (0.13--0.59) and for foods 0.30 (0.10--0.61) ([@B9]). Other studies that have examined the validity of diet recalled 11--24 years have reported moderate correlations for food (range 0.29--0.4) and nutrients (0.23--0.59) ([@B8]), which are similar to those reported for the HS-FFQ. Survey methodology shows that provision of a clear definition of the reference period (i.e., high school) enhances recall ([@B25]). These findings suggest that the HS-FFQ provides a reasonable record of adolescent diet, although some attenuation of results can be expected because of nondifferential measurement error. There are also limitations in dietary pattern analysis such as subjectivity in grouping foods and determining the number of factors to retain. However, dietary patterns have generally been consistent in our cohorts. The reason why current patterns from the 2003 FFQ were slightly different from previous years may be due to temporal changes in the diet. Exclusion of 2003 FFQ data from the cumulative average did not change our results.

The prospective design of our study, in which cases were ascertained after return of the HS-FFQ, limits the likelihood of recall bias caused by knowledge of disease status. An important strength of dietary pattern analysis is the ability to detect the combined effect of foods, since the physical properties of foods and interactions between nutrients may affect glucose homeostasis.

Our findings confirmed those from previous studies that have found positive associations between the Western dietary pattern and risk of T2DM. In addition, we showed that greater adherence to this pattern during adolescence was associated with increased risk of T2DM independently and jointly with adult Western patterns. Women who had high Western pattern scores during adolescence and in adulthood had the greatest risk of T2DM compared with individuals with consistent low scores, suggesting that persistence of a Western-type dietary pattern into adulthood may have particularly adverse effects on T2DM risk, possibly through weight gain. For optimal prevention of T2DM, a healthy diet should be adopted in early life and maintained throughout the life course.
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